Thank you for submitting your manuscript for consideration by The EMBO Journal. Three referees have now evaluated it, and their comments are shown below. You will be pleased to see that the referees are all positive and support publication after minor revision. I would thus like to invite you to prepare a revised manuscript that addresses the referees' comments in an adequate manner. In addition, there are two editorial issues that should be addressed. The statistical details you put forward in the legend for figure 3 suggest that the standard deviation was calculated from a n=2 dataset. According to our guidelines, I need to ask you to either increase the number of independent repetitions to allow for statistical analysis or to plot the individual data points in a vertical arrangement instead of showing a column plot. In addition, I would like to ask you to include an author contributions section into the manuscript text.
I should add that it is EMBO Journal policy to allow only a single round of revision, and that acceptance of your manuscript will therefore depend on the completeness of your responses in this revised version.
When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Peer Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process, please visit our website: http://www.nature.com/emboj/about/process.html
We generally allow three months as standard revision time. As a matter of policy, competing manuscripts published during this period will not negatively impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, Editor
The EMBO Journal
This is an important submission. In this manuscript the Green and Strobel labs re-evaluate their data on the involvement of the A76 ribose 2'-OH of P-site bound peptidyl-tRNA on peptide bond synthesis on the ribosome. While in their initial publication (Weinger et al., 2004) rate reductions of about 106 were observed in the absence of this hydroxyl group. Now using a well defined bacterial in vitro reconstituted translation system the defects are in the order of only ~10-100 fold. These new data reconcile recent disagreement in the literature on the role of this ribose 2'-OH group for amide bond synthesis. In 2008 Georg Sprinzl and colleagues published work showing that in their S30-based in vitro translation system suppressor Ser-tRNASer carrying a 2'deoxy modification at A76 was readily accepted by the translation machinery and full length and active proteins could be synthesized (Koch et al., 2008) .
The new data by Zaher et al. indicate that the main reason for the observed discrepancies was the way the experiments were set up. If the peptidyl-tRNA/ribosome complexes are purified via density gradient centrifugation (or simply incubated for 5 minutes), before the peptidyl transfer reaction is initiated, complexes carrying 2'-deoxy-A76 at the P-site bound peptidyl-tRNA indeed show harsh rate reductions. If on the other hand (and more similar to the Sprinzl set-up) the peptidyltRNA/ribosome complexes are used immediately and in a more physiological design using EF-G and ternary complexes of aminoacyl-tRNA-EF-Tu-GTP, then the role of the A76 2'-OH only contributes with a factor of about 10 to catalysis. These data were interpreted as to indicate a timedependent inactivation of the active site conformation in the absence of the A76 ribose 2'-OH of PtRNA.
This manuscript clearly brings new insight into the role of functional groups in the ribosomal active center for catalysis and merits publication. While I really do appreciate the honest attitude of the authors to publish work that actually challenges their previous findings and proposed catalytic mechanism (at least the catalytic scope of the proposed H-shuttling via a 6-membered ring system involving the A76 2'-OH of P-tRNA), some points should be addressed in a revised version:
1) The involvement of a 6-membered proton shuttle mechanism including the A76 2'-OH of the Psite substrate for the formation of a peptide bond was first reported by the Barta lab (Dorner et al., 2002; Dorner et al., 2003) . However, none of these papers are referred to in the submitted manuscript.
2) The discrepancies between the Sprinzl and the Green/Strobel data were discussed in the field as to possibly originating from differences in the peptide chain length of the peptidyl-tRNA. While in the Green/Strobel set-up the peptide was short (and the effects of removing the 2'-OH at A76 were substantial), the nascent peptide chain in the Sprinzl study was substantially longer (and only mild effects were seen when the A76 was removed). The data presented now in Fig. 2B , C demonstrate that the peptide chain length can be excluded as cause for the discrepancies. This should be mentioned at an appropriate place in the manuscript.
3) The new data reported herein show that the contribution of the A76 ribose 2'-OH of P-site tRNA to peptide bond synthesis is in the same order of magnitude (~10-100-fold) as those reported for the 2'-OH of 23S rRNA residue A2451 (Trobro & Aqvist, 2005; Erlacher et al., 2005 , Lang et al., 2008 . It seems that each of these crucial ribose 2'-OH groups contribute to catalysis by about 102, thus in combination accounting for most of the rate enhancement (~ 106) compared to the uncatalyzed reaction. This needs to be more thoroughly discussed. 4) Along the same line: the authors argue that the tRNA A76 2'-OH as well as the 23S rRNA A2451 2'-OH are involved in a pre-organized H-bonding network which suggests that 'the ribosome promotes catalysis of peptidyl transfer in large part through entropic fixation....' (Introduction 2nd and 4th paragraphs). This referee feels that giving reference to Lang et al. 2008 (to my knowledge the first publication providing biochemical evidence for such a scenario and thus rationalizing the importance of such an interaction between an rRNA and a tRNA backbone residue in the peptidyl transferase center) would be appropriate. 5) Importantly, the contribution of the A76 2'-OH seems to be more crucial for the release factormediated peptidyl-tRNA hydrolysis than for peptide bond formation. The authors note in the discussion (penultimate paragraph) that this 'may be indicative of mechanistic differences...during the reaction pathways'. I agree with this interpretation, however, reference to previously published work is missing that came to the same conclusion (Amort et al., 2007 , Erlacher und Polacek, 2008 . This MS is very clearly written and clarifies the complex literature of peptide bond formation by the ribosome; a literature paved with wrong interpretations. Since the first (wrong) suggestion byt the Steitz's group on the key nucelotide, the field has progressed enormously. This paper dispells misinterpretations in the previous literature and clearly separates the various contributions to chemistry of the hydroxyl group on the terminal A of the charged tRNA.
The conformational rearrangements provoked by the absence of the tRNA hydroxyl group are surprising. But, is the hydroxyl group "stabilizing" the active site or preventing the "degradation" of the active site ? So is the title of the paper really correct? The authors hint at the complexity of thsi question in the paper but do not discuss it through. Could the absence of the hydroxyl group (leading to additional mobilities and space in the active site) allows for a spurious reaction to occur, like (both speculations) a leaving group attacking the ribosome itself or attachment of a peptide to the ribosome denaturing it? It is difficult to imagine how such a dynamic particle could undergo a conformational change inactivating it after some cycling of activity otherwise without chemically altering it.
I have two minor points for the authors.
In the abstract, the effects of the hydroxyl group on EFTu and RF factors should be mentionned for completeness.
Schematic drawings showing the studied environments of the two major catalytic reactions (bond formation and release) would be highly recommended for the general readers so that the roles of the tRNA hydroxyls and of the A2451 are apparent. Such drawings are especially important since this study clarifies so much the reactions.
Referee #3 (Remarks to the Author):
The paper of Zaher et al. reconciles seemingly conflicting previous reports. Green and Strobel's labs reported a dramatic (106) decrease in the donor activity of 3'deoxy peptidyl-tRNA, whereas Sprinzl reported that dA76-substituted suppressor tRNA serves as an efficient protein synthesis substrate in cell-free translation.
The re-evaluated measurements suggest that the reduction of PT catalysis rate with the dA76 donor tRNA is at a much smaller scale -10-100. Interestingly, the data suggest a slow inactivation of the catalytic center with the dA76 donor substrate in the P-site. The results argue that A76 2'-OH is important for positioning of the substrates. The role of 2'OH in the proton-shuttle mechanism proposed earlier remains unclear.
Critique.
The study is important. It is well-designed and well performed. The paper is written clearly and data are accurately discussed.
My main problem is that the effect of the A76 2'OH removal on the rate of translocation is not addressed. In the key experiment (Fig 2C) it is assumed that "the rate of translocation is expected to be faster than the PT rate (at least with the dA76 substrate)". This would be a reasonable assumption were the rate difference in the order of 106 fold as in the previous reports. With an observed 10-fold difference in the PT catalytic rate, the slow translocation of the dA76 substrate can hypothetically account for the observed minor effects. Testing the rate of EF-G catalyzed translocation of the dA76 fMet-Lys-tRNA would clarify this uncertainty.
Minor points 1. The Summary states that the ribosome accelerates PT catalysis 106 fold, while the third sentence of the Introduction cites 107 fold acceleration. Which one is correct? 2. Materials and Methods (Reagents): give a reference to the ribosome preparation procedure. Referee #1 (Remarks to the Author): (Dorner et al., 2002; Dorner et al., 2003) . However, none of these papers are referred to in the submitted manuscript.
1) The involvement of a 6-membered proton shuttle mechanism including the A76 2'-OH of the Psite substrate for the formation of a peptide bond was first reported by the Barta lab
One of these references (2003) did appear in the original manuscript, but earlier in the manuscript before the proton shuttle mechanism was first mentioned. We had in our earlier manuscript (Weinger et al.) acknowledged the Dorner et al. papers for first proposing the proton shuttle mechanism and we had indeed failed to do so here. In the revised manuscript, the references suggested by the referee were added to the list of the references at the suggested position where the proton shuttle mechanism is first mentioned. Fig. 2B , C demonstrate that the peptide chain length can be excluded as cause for the discrepancies. This should be mentioned at an appropriate place in the manuscript.
2) The discrepancies between the Sprinzl and the Green/Strobel data were discussed in the field as to possibly originating from differences in the peptide chain length of the peptidyl-tRNA. While in the Green/Strobel set-up the peptide was short (and the effects of removing the 2'-OH at A76 were substantial), the nascent peptide chain in the Sprinzl study was substantially longer (and only mild effects were seen when the A76 was removed). The data presented now in
We have added this information to our discussion of potential explanation for the observed discrepancies between the two studies. (Trobro & Aqvist, 2005; Erlacher et al., 2005 , Lang et al., 2008 .
3) The new data reported herein show that the contribution of the A76 ribose 2'-OH of P-site tRNA to peptide bond synthesis is in the same order of magnitude (~10-100-fold) as those reported for the 2'-OH of 23S rRNA residue A2451

It seems that each of these crucial ribose 2'-OH groups contribute to catalysis by about 102, thus in combination accounting for most of the rate enhancement (~ 106) compared to the uncatalyzed reaction. This needs to be more thoroughly discussed.
While the referee raises an interesting point regarding the contribution of different moieties of the ribosome to catalysis (which may well account for the observed rate enhancement), we opted not to include this detailed discussion in the manuscript for the following reason: Each of these groups (the 2' OH of P-tRNA and 2451) might contribute to catalysis on the same "pathway", such that a substitution of either group would eliminate this overall contribution to catalysis. In the absence of data showing the effect of both mutations simultaneously on the reaction, the proposal of the referee (which could well be true) is not sufficiently supported. We respectfully disagree with the reviewer. The Sievers reference from 2004 entitled "the ribosome as an entropy trap" came out earlier than the suggested reference and was the first to show, biochemically (where enthalpic and entropic contributions were explicitly determined), that the ribosome utilizes entropic fixation to achieve catalysis. The many mutational studies in the field all speculated that a well-structured active site contributed to catalysis, but the direct measurement of enthalpy was only done in the Sievers et al. reference.
5) Importantly, the contribution of the A76 2'-OH seems to be more crucial for the release factormediated peptidyl-tRNA hydrolysis than for peptide bond formation. The authors note in the discussion (penultimate paragraph) that this 'may be indicative of mechanistic differences...during the reaction pathways'. I agree with this interpretation, however, reference to previously published work is missing that came to the same conclusion (Amort et al., 2007 , Erlacher und Polacek, 2008 .
We have added a sentence to our discussion, citing some of the earliest papers that observed key differences in the mutational sensitivity of these two different reactions.
6) In Figures 1 and 5 it should be indicated when EF-G was present and when not. 'Concerted' or 'sequential addition of tRNAs' (the labels used in the current version of Fig 1) actually do not indicate the presence of EF-G. This missing information makes understanding of the shown electrophoretic TLC data unnecessarily complicated.
The figure legends were changed to indicate that EFG was present in all of these reactions, but that the staging of the reactions was different.
Referee #2 (Remarks to the Author): The referee raises an interesting point that could indeed rationalize our observations. However, since the data in Figure 6 (previously Figure 5) show that the PT-inactive 2' dA76 complexes are quantitatively rescued by an RF variant (with GGS instead of GGQ in the active site), if ribosomes are covalently modified, the modification is readily reversed. Moreover, as we have no data to indicate that ribosomes are modified, we hesitate to speculate on this topic.
I have two minor points for the authors.
In the abstract, the effects of the hydroxyl group on EFTu and RF factors should be mentioned for completeness.
The new abstract addresses the referee's concern This is an important point raised by the reviewer. While directly measuring the rate of translocation would certainly clarify the uncertainty of translocation limiting the rate of PT, our data strongly suggest that PT is not limited by translocation for the following reasons: (1) The rate difference is 100-fold if we do not correct for chemical reactivity differences; this correction does not need to be done for translocation (since the stability of the linkage is not likely relevant to tRNA movement); (2) We see reasonably fast catalysis (faster than the apparent rate of PT) with the GGS RF1, which gives us a minimal rate for translocation higher than that observed for PT.
Minor points
The Summary states that the ribosome accelerates PT catalysis 106 fold, while the third sentence of the Introduction cites 107 fold acceleration. Which one is correct?
In the revised manuscript we changed the 10 7 number to 10 6 consistent with the more commonly cited number in the literature (Sievers et al. is an exception at 2 x10 7 ).
Materials and Methods (Reagents):
give a reference to the ribosome preparation procedure.
We added the reference to the revised manuscript.
Materials and Methods (aa-tRNA assays): what were the aa-tRNA concentrations in the nonenzymatic assay?
In the revised manuscript, the aa-tRNA concentration was added. Thank you for sending us your revised manuscript. Our original referee 3 has now seen it again, and you will be pleased to learn that in his/her view you have addressed all criticisms in a satisfactory manner. The paper will now be publishable in The EMBO Journal and you will receive a formal acceptance letter shortly.
Thank you very much again for considering our journal for publication of your work.
Yours sincerely,
Editor
